We use a residual-based bootstrap method to re-examine the finding of the Granger causality relationship from exchange rates to fundamentals in Engel and West Carlo experiment results suggest that the causality test implemented in the previous study tends to spuriously reject null hypotheses. Thus, the existing evidence for the present value model for exchange rates is not robust.
Introduction
In a recent paper, Engel and West (2005) explain the exchange rate behavior from a new aspect. They argue that the exchange rate behavior is near random in the preset-value model as the discount factor is close to one and at least one of the economic fundamentals of exchange rate is I(1), and validate this argument by empirically uncovering the Granger causality relation from exchange rates to fundamentals implied by the present-value model. In this study, we employ Kilian's (1999) residual-based bootstrapping method to reassess Engel and West's (2005) result.
We find that the results from the two test methods become more distinct when the sample size used in the test is smaller. We additionally implement the Monte Carlo experiment to examine the robustness of the two test methods and to investigate whether the bootstrap test performs better than the asymptotic test in this particular application. Results show that the size of the asymptotic Granger causality test is overall larger than that of the bootstrap test and the size-corrected power of the asymptotic test is generally less than that of the bootstrap test. Therefore, the large size and smaller size-corrected power of the asymptotic test indicates that the size distortion affects the asymptotic test and implies that the non-causality null hypothesis are spuriously rejected in Engel and West's(2005) article.
Bootstrap algorithms
Since Engel and West's data for the exchange rate and each of the fundamental measures are shown to have unit root processes but not have cointegration relationship, we take the first difference for the variable and do not include a vector correction term in the bivariate vector autoregressive (VAR) model. We follow Engel and West choosing four lags for the VAR model. The model for testing the Granger causality relationship between the exchange rate ( ) and the fundamental ( ) takes the form: 
(1)
We use Kilian's (1999) residual-based bootstrap method to perform the causality test.
Since the Jarque-Bera test rejects the null hypothesis of the Gaussian innovation for most of the data, all bootstrap test inferences are drawn from the test with nonparametric re-sampling method. The bootstrap algorithm for the Granger causality test consists of following four steps:
Step 1. Given the original observation, estimate coefficients by the estimated generalized least square (EGLS) method for VAR Model (5) under the null and the alternative, respectively, and obtain the likelihood ratio (LR) test statistic (̂).
Step 2. Apply the estimates of ̂' s estimated under the null hypothesis in Step 1 to generate the pseudo-data { * , * } with the same length as the original data. Then, generate the data under the null hypothesis that Δ does not Granger cause Δ . To initialize this process, specify (Δ − * , Δ − * )′ = (0, 0)′ for = 1, . . . ,4 and discard the first 500 created data. The pseudo innovation term * = ( , * , , * )′ is random and drawn with replacement from the set of observed residuals ̂= (̂, ,̂, )′ obtained from Step 1. Repeat this step 2000 times, and obtain 2000-bootstrapped samples.
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Step 3. For each bootstrapped sample, re-estimate the coefficients in the VAR Model (5),
and construct the corresponding test statistic ̂ * as in Step 1.
Step 4. Use the 2000 test statistics ̂ * obtained from the bootstrapped replications in
Step 3 to construct the empirical distribution and determine the p-value for the LR statistic ̂ of Step 1.
Empirical results
We follow Engel and West (2005) dividing the full sample into two sub-samples in 1990:Q3 due to major economic and noneconomic developments during this period. exchange rates to fundamentals are rejected in nine cases at the 5% significance level, but by using the bootstrapped empirical distribution, the null hypothesis is rejected in only two cases at the 5% significance level.
Size and Power of the Tests
In the previous section, we find that results of the Granger causality test from exchange rates to fundamentals based on two different test approaches are distinct when using small samples. Although it is well-known that the asymptotic test statistics constructed from the small sample data suffer from the size distortion, it is not sufficient to draw the conclusion that the evidence from the bootstrap test is more convincing than the asymptotic test. Therefore, the existing Granger causality evidence is not strong enough to support the present-value model for exchange rate under Engel and West's explanation.
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4 Considering the serial correlation and heteroskedasticity in the error term, we also employ the Newey-West HAC estimator to compute the size of the asymptotic test. We find that the size of the asymptotic test based on the HAC estimator is overall higher what we obtained from the EGLS method. 
